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MISSION,

Principal AFSC Organization for Planning & Executing USAF Exploratory & Advanced Development
Programs in:

® Manpower and Personnel

® Education and Training

® Simulation and Training Devices
® Logistics and *Human Factors

*Group Aspects--Individual Aspects of Human Factors Engineering RDT&E Assigned the Aerospace
Medical Research Laboratory

ORIGIN

In the late 1960s, the Secretary of the Air Force and the Air Force Chief of Staff felt it necessary
to redefine the Air Force’s R&D efforts in the related areas of personnel and training. In August
1967, the augmented Psychology and Social Sciences Panel, USAF Scientific Advisory Board (SAB),
conducted a study concerning such R&D work. In its report, the SAB developed certain standards
needed for a successful program: The requirement for managers of these R&D efforts to possess
and display a keen interest in the entire program; the proper allocation of sufficient funding
commensurate to the work being accomplished; the acquisition and retention of well-trained and
highly qualified people; the recognition that the “human factor” involved in personnel and training
R&D makes it a unique entity that cannot be compared to the subjects of hardware R&D in the
Air Force’s respective physical science laboratories; the need for R&D functions to be geographically
close to the organizations that most effectively applied the results of that R&D work; and finally,
the need for a proper balance between finding solutions to current problems and the achievement
of long-range R&D goals. On July 1, 1968, the Air Force Human Resources Laboratory (AFHRL)
was established with an organizational structure that has allowed it to effectively carry out its mission
over the last 15 years.
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MESSAGE FROM THE COMMANDER

Colonel Ronald W. Terry

The United States Air Force (USAF)
completed 35 years as a separate military
service during 1982. The men and women
of the USAF continue, as they have from the
very beginning, to provide dedicated service
to our nation and the defense of freedom
around the world. The Air Force Human
Resources Laboratory (AFHRL) is proud to
play its part as the struggle for freedom
continues. Our R&D programs focus on the
central themes of USAF readiness and
combat success.

Today, the USAF is armed with the most
advanced and complex weapon systems ever
devised. Well trained and highly motivated
people operate and maintain these systems. Yet,
as we look into the 80’s and beyond, developments
that are at once exciting and promising, yet
disquieting and challenging, appear to dominate
the horizon. We face monumental changes in the
way people work, handle information, and fight
wars. The industrial revolution is being replaced
by the information age. Travel beyond our
atmosphere is a reality. Every aspect of air power
is changing rapidly. The events and conditions
of the wars that threaten us now, and of those
we may have to fight in the future, forge an
inseparable link between the airman and the
scientist, the historian and the futurist.

AFHRL is the USAF agency responsible for R&D
in four areas: Manpower and personnel,
education and training, simulation and training
devices, and logistics and human factors. Our
R&D program is organized into three thrusts
integrated across the four areas. The program is
designed to sustain USAF leadership in the
manpower, personnel, and training technologies.
Its goal is to improve human performance and the
interface of people with the systems and
subsystems they operate and maintain.

The products of the Laboratory’s three R&D
thrusts will contribute in increasingly critical ways
to the USAF's capabilities to sustain the high
states of readiness that ensure combat success now

and into the future whatever the challenges of
change may pose.

Looking back over my years as AFHRL
Commander, I am proud of our accomplishments.
Beginning in 1978, we thoroughly reassessed the
directions and goals of the Laboratory. This
reassessment led to a major restructuring of the
R&D program in 1979. The need for
organizational changes became apparent as the
new program evolved, and the indicated
realignments of the Laboratory’s resources were
completed by 1980. Now the Laboratory’s R&D
program is clearly articulated in terms of the
thrusts portrayed throughout this report.

This annual report highlights--for our sponsors,
customers, and others--some of the features of our
organization, programs, technical achievements,
and on-going R&D projects of fiscal year 1982,

Most of our projects carry over several years, with
each years’s efforts providing another piece in the
overall mosaic of the total program. We invite
you to visit with us through this report, and to
become better acquainted with our R&D programs
and products.

onel, USAF

Commander
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CHIEF SCIENTIST’S REPORT

AFHRL is developing technology for Air Force
use in acquiring, training, and managing the
highly capable personnel force necessary to ensure
that Air Force weapon systems are operated and
supported so well that combat success is assured.
The Laboratory’s R&D program is organized into
three technical thrusts as follows:

(1) The Air Combat Tactics and Training thrust
provides engineering technology for flight
simulators and training technology for proper use
of these simulators in acquiring and maintaining
combat flying skills. The aim is to provide the
means to train highly effective aircrews capable
of performing on their first combat missions at the
levels of combat veterans who have already
successfully flown several combat missions.

(2) The Weapon Systems Logistics, Maintenance,
and _Technical Training thrust is developing

Dr. Earl A. Alluisi

technology for technical and maintenance
training, and for weapon systems support. The
technology permits integration of manpower,
training, and logistics considerations into weapon
systems design and acquisition to increase the
combat supportability of fielded systems. The
thrust also aims to provide advanced training
technology using computer-based instructional
systems as well as technology to improve the
performance of maintenance and support units.

(3) The Manpower and Force Management thrust
provides technology for effective acquisition,
distribution, and management of the personnel
force. This means making the best person-job
matches possible--a difficult task considering the
size of the Air Force (566,000 uniformed
personnel in 1982), and the impacts of economic,
social, and political factors on manpower
availability.

Each of the three thrusts is described in greater
detail on the pages that follow. Each is managed
principally by one of the Laboratory’s three R&D
divisions located near major Air Force users of
the technologies developed within the thrusts.

These collocations of R&D efforts with the users
of the R&D products, and the resultant frequent
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contacts between R&D and user personnel, serve
at least two practical goals: (1) Ensuriag that there
is an on-going, technically sound, R&D program
and (2) ensuring that the program is adaptive,
relevant, beneficial, and cost effective within the
context of its products being usable to increase
the ease and probability of USAF combat success.

Technical Evaluations. In addition to the
numerous management reviews of the Laboratory
during FY82, there was one major technical
review aimed 1o assess the quality of the program
and its technical soundness. This technical
review, now scheduled as an annual event, is
conducted through the AFHRL Technical
Advisory Board (TAB), which consists of the
Technical Directors of the three R&D divisions,
the Chief Scientist as chair, and a secretary. For
each of the three thrusts, the TAB is assisted by
a different Research Advisory Panel (RAP), each
of which consists of three scientists of
international repute in relevant substantive areas
from outside the Department of Defense, and by
External Reviewers (ERs) who are counterparts
from the corresponding laboratories of the other
Services. The TAB technical reviews are based
on week-long meetings with division personnel,
including especially the task scientists actually
conducting or monitoring the work, in each of the
three specific thrusts. The FY82 reviews, only
the “second round” of TAB technical reviews,
were judged successful, but additional technical
(as contrasted with management) details were cited
as being desirable in all three cases. More
importantly, the benefits of the continuing
progress being made to integrate the program
within each of the three thrusts were manifestly
evident, and the foundation strengthened for
further integration among them.

Technical Status of the Air Combat Tactics and
Training Thrust. The Laboratory’s engineering
R&D on flight simulation continued in a single
integrated subthrust on Engagement Simulation
Technology. The Advanced Simulator for Pilot
Training (ASPT) image generator, though limited,
can be used to develop parts of a “Universal Data
Base” for future advanced visual systems, and
current R&D has demonstrated wartime scenario
training even though current ASPT image
generation capacity is inadequate to “decorate”
an entire combat area. The use of “artificial”
visual stimuli for cuing, e.g., inverted cones to

cue low-level flight, represents a good use of
existing capability. It was recommended that the
division devote greater efforts to automate
transition of visual information from other sources
to an image generator. The new engineering
subthrust to demonstrate the technological
feasibility of a Combat Mission Trainer (CMT)
continued. The CMT concept is based upon
application of helmet-mounted display (fiber
optics, miniature cathode ray tubes, or laser
projectors), advanced computer image generation,
and microlinkage technologies to demonstrate a
relatively low-cost, transportable device suitable
for combat mission training and practice at the
Squadron or Wing level. Technical risks have
been identified and evaluated, with parallel
exploratory or advanced development efforts
scheduled in the areas of highest risk as
cooperative or joint efforts with other R&D
agencies. The absence of a detailed and credible
plan for R&D in the sensor simulation area was
cited as a recognizable gap in the program. The
behavioral R&D side of the thrust is represented
primarily in the Air Combat Training Systems
subthrust which, although improved and
strengthened during the year, remains less
technically sound than desired, at least in part
due to resource constraints. In the performance
measurement area, progress is being made through
an advanced development contractual effort, but
the in-house level of effort remains extremely
modest. Technically sound advances are being
made in the electronic combat and bombing
accuracy areas. It was recommended that
resources continue to be focused on the
development of measures of individual
performance, and more progress should be made
in the areas of crew/team coordination and
performance measurement. The emerging thrust
on Operational Unit Training has taken the
direction of R&D on combat skills training
strategies that employ special function trainers
(SFTs) based on small, inexpensive
microcomputer instrumentation. In general, the
program was adjudged technically sound and well
balanced, given the user needs as stated in
relevant documents (Requests for Personnel
Research and Technical Needs) and the expertise
available. The technical risks involved are largely
related to the lack of depth in personnel resources
and the thinness with which the personnel are
spread across program areas.




Technical Status of the Weapon Systems Logistics,
Maintenance, and Technical Training Thrust.
FY82 represents the first full year of R&D on this
completely restructured thrust. The emerging
Crew, Group, Team, and Unit (CGTU)
Performance and Training Systems subthrust
continues to employ the command and control
system as an environment (or “carrier signal”) for
its R&D, with the potential of contributing
substantially to success in many combat scenarios.
Major progress has been made in the subthrust’s
articulation of operational systems, procedures
and problems, as well as in identifying the
“players,” being recognized as responsible R&D
team-mates, and structuring a technically sound
R&D program. Resources allocated to this
subthrust are currently insufficient for a program
of the scope that is technically adequate to address
the problem areas in an effective and timely
manner. The Combat Logistics Technologies
subthrust was evolved from sound experience in
manpower and human-resource factors in design
and weapon systems acquisition, and battle-
damage repair studies. Similarly, the Technical
and Maintenance Training Systems subthrust was
developed out of prior R&D in maintenance aiding
and performance enhancement, maintenance
training  simulation, and  computer-based
instructional systems in technical training. The
needs in this thrust area remain clear--to provide
a technology base for the delivery of skilled
personnel and materiel to the operating Major
Commands of the Air Force. This thrust continues
to emphasize issues of applicability to combat
operational support, but the R&D program plans
have been rescoped downward to match more
closely the level of available or anticipated
resources. Within the limitations set by the
resources, the program is adjudged to be
technically sound in general, and focused to
obtain a good return on investment with an
acceptable balance of technical risk and potential
payoff.

Technical Status of the Manpower and Force
Management Thrust. The development of Enlisted
and Officer Force Acquisition and Distribution
Systems continued as the major subthrust, with
the Enlisted and Officer Force Management

Systems subthrust emerging in somewhat greater
detail during FY 82. This thrust is primarily
responsive to Air Force personnel system
operations in the current or peacetime
environment, but it also now includes planned
R&D on issues applicable to combat operations.
With the support of the Air Force Office of
Scientific Research, data-collection facilities were
established, and data collection begun in basic
areas such as interest measurement, information
processing, cognitive skills, and learning. The aim
is to rejuvenate and expand the technology for
selection, classification, training, assignment,
retraining, retention, and force management
generally--a mature technology that has otherwise
had considerable refinement, but very little real
expansion since World War Il--with the
integration of coordinate technology advancements
in other areas (such as computers and cognitive
psychology). In this area, as in the other areas
of this thrust, the program was adjudged to be
well planned and designed, and of high technical
quality. However, the Division was cautioned that
both the quality and effective scope of its program
could be endanged by too-rapid expansion. Care
should be exercised to ensure that in our
enthusiams the program is not extended beyond
the practical capabilities of the resources actually
available. Additionally, the Division was
encouraged to extend the well-established model
of using measures of cognitive abilities to predict
achievement in early career training, and rather
to investigate other models and measures of factors
that have major impacts on sustained on-the-job
performances (especially, combat performances).

General Comments. An annual report is written
at one point in time. It presents a static picture
of a very dynamic technical program--a program
which is, in the last analysis, the very substance
of the Laboratory. The directions of the program
are to the true scientist even more important than
its current status. The evaluation is clear on this
point--the directions as currently set are proper:
To develop and apply the technology base in order
to increase the probability and ease of combat
success.
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AFHRL THRUSTS

General Description

The Laboratory’s FY82 R&D program was divided
among three thrusts: (a) Air Combat Tactics and
Training, (b) Weapon Systems Logistics,
Maintenance, and Technical Training, and (c)
Manpower and Force Management. Each thrust
was managed through a Laboratory R&D
Division: (a) The Operations Training Division
(AFHRL/OT), (b) The Logistics and Technical
Training Division (AFHRL/LR), and (c) The
Manpower and Personnel Division (AFHRL/MO),

respectively.

The subthrusts and components of the thrusts have
been defined with certain of them still in the
“emerging”  stage. The  “architectures,”

“roadmaps,” or “R&D agendas” that are employed
to deseribe all three levels--thrust, subthrust, and
component--are dynamic rather than static. They
may be expected to change somewhat from year
to year to show validly the identification of both
near-term and long-term objectives, the planned
transfer of technologies and products where
appropriate, and the approach employed to
develop the technologies and systems desired for
enhancement of combat success.

General descriptions of the thrusts are given below
and on subsequent pages. Diagrams portraying
the respective thrusts are also provided. These
diagrams are employed with highlighting in later
sections to aid in identification of the parts of the
R&D program being reported.

AIR COMBAT TACTICS AND TRAINING
THRUST

The primary objective of this thrust is an Air
Combat Tactics and Training Technology that
identifies and demonstrates in cost-effectiveness
terms alternative training strategies and training
equipment capabilities for use in obtaining,
improving and maintaining the skills and combat
effectiveness of USAF aircrew members. The
thrust consists of four subthrusts: (a) Air Combat
Training Systems, (b) Operational Unit Training
Systems, (c) Combat Mission Trainer, and (d)
Engagement Simulation Technology. The first
and last subthrusts are ongoing, whereas the
middle two are only now emerging R&D programs.

The objective of Air Combat Training Systems
subthrust is to provide a technology base for

training high-level aircrew performance skills
through use of simulated combat environments.
Current R&D focuses on the development of
training strategies and equipment requirements for
use in ordnance delivery on tactical targets using
wartime tactics in a realistically modelled combat
arena.

The Operational Unit Training Systems subthrust
has as its objective the integration of operationally

applicable findings concerning aircrew training
into on-going unit training programs to improve
both efficiency in training and the effectiveness
of operational capabilities. It will integrate the
full range of training-delivery capabilities from

microcomputer-based desk-top procedural trainers
to full field-of-view full mission simulators.

The Combat Mission Trainer subthrust, a
cooperative effort with the Aerospace Medical
Research Laboratory, has as its objective the
development of a relatively low-cost, transportable
device suitable for air-to-air and air-to-surface
combat mission training at the Squadron level.
Fiber-optics, helmet-mounted displays, advanced
computer image generation, and computer
microlinkage technologies will be used in its
design.

The Engagement Simulation Technology is
focused on the development of mission simulator
components and techniques that provide greater
training capability. It includes development of
advanced computer image generation technology,
as well as projection and display technologies to
provide full field-of-view visual scenes for use in
simulators.

In the near term, the products of this thrust are
providing the equipment and training technologies
necessary to teach basic combat skills and
tactics. In the longer term, this thrust will
increasingly address the training of those combat
skills required to be successful in specific combat
areas and to function effectively as a member of
a coordinated combat team. The benefits of R&D
success in this thrust will be increased mission
readiness for operational aircrews.
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WEAPON SYSTEMS LOGISTICS,
MAINTENANCE, AND TECHNICAL
TRAINING THRUST

The primary objective of this thrust is a Weapon
Systems Logistics, Maintenance, and Technical
Training Technology to ensure effective and
efficient support of Air Force operations. This
support includes logistics, material, and human
resources. Special attention is devoted to
maintenance, and to the supportability of new
weapon systems. Also included as an objective
is the technology to ensure effective team
performance in ground-based systems. The
thrust consists of three interrelated subthrusts:
(a) Crew, Group, Team, and Unit (CGTU)
Performance and Training Systems, (b) Combat
Logistics Technologies, and (c)} Technical and
Maintenance Training Systems.

The emerging CGTU Performance and Training
Systems subthrust is aimed at improving the
performance of non-flying crews, groups, teams,
and units. Special attention is being given to
teams involved in command and control systems
because of the pressing current needs for
improvements in those systems.

The on-going Combat Logistics Technologies
subthrust pertains especially to the logistics

e ——

aspects of Air Force weapon systems. It
includes four components: One to develop the
technology for the integrated logistics system of
new weapon systems; another to provide the
technology to ensure effective logistics support for
combat maintenance; and the remaining two to
provide means for improving the performance of
maintenance.

The Technical and Maintenance Training Systems
subthrust pertains primarily to technical training
with special attention to the training of
maintenance personnel. Its components include
simulators for maintenance training, a system for
on-the-job-training delivery and management,
and more extensive transfer of the technology for
computer-based instructional systems developed
by the Air Force.

The R&D investment represented by this thrust
promises unusually high payoff. The potential to
reduce costs and increase weapon systems
supportability is high because this area of
technology is quite underdeveloped and initial
big-step improvements can be made. The
subthrusts, as well as most of their components,
have been the subject of unusual high-level

interest. Special scientific and operational study
groups have stressed the need for increased R&D
in this area.
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MANPOWER AND FORCE
MANAGEMENT THRUST

The primary objective of this thrust is a Force
Acquisition and Management Technology based
on management tools, procedures, and associated
technologies that foster more effective use of
personnel resources by: (a) improving selection
and assignment methodologies, (b) establishing
appropriate job requirements for Air Force
specialties, (c) structuring and maintaining a
workforce with the required aptitudes, experience,
interests, and motivation to meet operational
commitments both in peacetime and wartime
environments, and (d) establishing comprehensive
skills management programs to improve personnel
utilization and productivity. These technologies
are applicable to the recruitment and selection of
personnel motivated for Air Force service, the
assignment of personnel to jobs compatible with
their aptitudes, interests, and experiences, and
the establishment of effective reenlistment/career
assignment programs. This thrust consists of two
on-going subthrusts: Force Acquisition and
Distribution Systems, and Force Management
Systems.

The Force Acquisition and Distribution Systems
subthrust is to provide advanced computer-based
personnel management tools for use in the
acquisition, initial assignment, and distribution of
uniformed Air Force personnel. These tools will
permit increased precision in recruitment,
selection, classification, and assignment of Air
Force personnel. The development of computer-
assisted Force Acquisition and Distribution
Systems will provide the Air Force with a variety
of alternatives to force-manning compatible with
various manpower supply scenarios, and will help
to ensure that the available pool of talent is
optimally employed, with personnel resources

L e . T R FOVIRE T o o N iiias L bR B
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allocated to maximize the return on personnel
investments.

The Force Management Systems subthrust is to
provide devices, models, procedures, and
strategies to improve evaluation of job
performance, career motivation, retention, job
satisfaction, and both individual and unit
productivity, and to establish effective career
assignment programs.

The products of this thrust include technologies
that (a) improve the efficiency and economy of
personnel acquisition, (b) ensure optimum
classification and assignment of first-term and
career personnel, (c) provide an accurate
evaluation of individuals best qualified for Air
Force service, (d) facilitate movement between
specialties to correct manning imbalances, and (e)
provide prototype systems for assessing the
performance of Air Force personnel, both
uniformed and civilian.

The longer-term benefits obtainable with the
technologies being developed include (a)
improving the capability and accuracy of matching
an individual’s aptitudes and abilities with Air
Force job requirements, (b) increasing the
flexibility and validity of testing by extending tests
into new aptitude and non-aptitude domains, as
well as computer-based methods such as
computer-adaptive testing, (c) reducing attrition,
(d) identifying and forecasting potential critical
problems of manpower supply in time to propose
remedial-action alternatives, (e) improving job
satisfaction, productivity, and retention, and (f)
developing on-the-job performance criteria for
validation of selection devices and training
syllabi.
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AIR COMBAT TACTICS AND TRAINING THRUST

COMPONENTS

SUBTHRUSTS

THRUST

* STRATEGIC OFFENSE TRANING SYSTEM
© TACTICAL WARFARE TRAINING SYSTEM
© MOBILITY TRAIMING SYSTEM
 FLYING TRAIMING SPECIALIZED SUPPORT
OPERATIONAL AR
UNIT TRAINING
SYSTEMS COMBAT
 DATA BASE ACOUISITION TECHNOLOGY TACTICS
© NON-EDGE COMPUTER DISPLAY p— AND I
o TRAINING
‘ TRANER TECHNOLOGY
© ADVANCED SIMULATION CONCEPTS
* SIMULATION REQUSREMENTS FOR AIRCREW
TRAIMING ENGAGEMENT
© FULL MISSION ADVANCED SIMULATOR FOR PILOT SIMULATION
TRAINING TECHNOLOGY
AIR COMBAT TRAINING SYSTEMS TECHNICAL ACHIEVEMENTS

Title: Derivative Fighter Training
Considerations

AFHRL Contact: Ronald G. Hughes

AFHRL/OTA

Williams AFB AZ 85224

Commercial (602) 988-26l1,
x 6561

AUTOVON 474-6561

Description: At the request of the F-16 Systems
Program Office, AFHRL provided a broad “front
end” look at some of the potential training
considerations/problems associated with the F-16E
aircraft. Because the study did not focus on an
evaluation of specific cockpit technologies,
observations are not specific to the F-16E, but
apply equally well to most advanced fighter
aircraft. Central to the discussion are the
projected flying hour/sortie requirements (on the
order of 200-plus sorties per 6-month period)
needed to support continuation training in the
areas of air-to-air and air-to-ground. Aside from
the economic concerns associated with such a
substantial flying hour program, a major concern
centers about the ability of a pilot to perform
required navigational and targeting tasks in high
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workload, low level, night flight environment
characterized by high density, air defense

threats. The performance data that were reviewed
suggested that basic flight control tasks (e.g., use
of defensive countermeasures and electronic
countermeasures) central to aircrew survival may
be significantly degraded by the simultaneou.
requirement to perform target detection/
recognition tasks at altitudes below 500 feet. In
moving from 500 feet to 200 feet an order of
magnitude in pilot task loading is perceived to
occur. Data from studies conducted on the
Advanced Simulator for Pilot Training (ASPT)
under simulated high threat conditions have
suggested that situational awareness under such
conditions is a significant aircrew problem.
Consideration was also given to new and emerging
training system technologies. ~Among those
mentioned were the use of light-attenuating
devices for simulating night viewing conditions,
the use of onboard simulation techniques, and the
use of computerized threat simulation techniques
to supplement training currently done on
conventional electronic combat ranges.

Utilisation: The information obtained in this
study clearly indicates the training problems




TECHNICAL ACHIEVEMENTS

ASPT F-16 Cockpit

expected to accompany the next generation fighter
aircraft with its low level night attack mission.
The information will be used by the Tactical Air
Command in further assessing the “do-ability” and
“supportability” of the low-level night attack
mission. This information provides point of
departure for AFHRL work in the training R&D
work involving Low Altitude Night Targeting
Infrared Navigator.

Benejirs: This work provides human performance
and training information for decision makers
regarding the next generation fighter aircraft.

Within this context, the message is simply that,
“aircraft do not win wars by themselves.” Any
manned, operator-intensive system will be only as
“unconstrained” in its operation as ils crew is
unconstrained by the training system that prepares
them for the effective employment of that system.
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Tile: TAC BRAWLER: Use of Engagement
Simulation Methods for Identifying
Aircrew Training Device Require-

ments
AFHRL Contact: Ronald G. Hughes
AFHRL/OTA
Williams AFB AZ 85224
Commercial (602) 988-26l1,
x 6561
AUTOVON 474-6561

Description: Earlier work using the TAC
BRAWLER model addressed the relationship of
visual system resolution and target contrast to
training effectiveness, These relationships were
identified within the context of one-versus-one
(1v1) and two-versus-one air-to-air engagements.

Additional work was performed which isolated
tradeoffs between field-of-view and resolution for
visual systems utilizing small, high resolution
insets  within  larger, lower resolution

backgrounds. ~ Work within the past year
addressed the impact of visual system transport
delays associated with current generation head-
slaved, helmet-mounted display systems. Data
relating variations in this design parameter to pilot
performance were essentially unavailable at the
time of the study. Consequently, predictions
about the training effectiveness of such helmet-
mounted display systems have been difficult to
make. Transport delays of 0, 52, 100, and 173
msec were studied for 1vl and two-versus-two
(2v2) air combat engagements. The effects of
transport delay on pilot-tracking performance (line
of sight error, error in judging range, speed error
as a percentage of actual speed, error in
judgement of aspect angle, and transverse velocity
error), as well as on measures of combat
effectiveness (number of missile and/or gun shots
taken, number of times on opponent’s tail, and
total time on opponent’s tail), were studied. The
data for 1vl gun engagements (2v2 not yet
analyzed) showed a clear dependence of tracking
(gun engagements) upon transport delay for all
measures used. In terms of measures of combat
effectiveness, transport delay showed a significant
effect on the number of shots taken. For 2v2
engagements when missile shots were constrained
to rear hemisphere only (to increase requirement
for aircraft maneuvering), the same relationship
was observed. Generalizations from these data




AIR COMBAT TRAINING SYSTEMS

are understandably constrained by their
dependence on assumptions concerning pattern of
head movement, pilot tracking model, pilot ability
to “measure” certain accuracies, and pilot
confidence in these “measurements.” Although
tracking errors were shown to be an increasing
function of transport delay, meaningful differences
between the 52 msec and 173 msec were difficult
to discern. Thus, while the various components
of pilot tracking performance in the TAC
BRAWLER model showed clear sensitivities to
variations in visual system transport delay and
while measures of combat effectiveness were also
in some instances sensitive to these
manipulations, it remains difficult to establish
final design requirements.

Utilization: These data have provided the
Simulator Systems Program Office with the only
information available about the relationship
between pilot behavinr and visual system transport
delay. The naturc of the suggested functional
relationship between these variables makes it
difficult to establish design criteria/limits for
acceptable transport delays but does suggest that,
across the range of delays representative of current
helmet-mounted display systems, little change is
to be expected in the performances examined in
the present study.

Benefit: The use of engagement simulation
models, such as TAC BRAWLER, for purposes
such as this study represents a significant cost-
effective alternative to the traditional flight test
approach. In the present instance, it is
inconceivable how flight test data could even have
been acquired. Neither was it feasible to collect
such data in a flight simulator due to the
unavailability of hardware to implement the

helmet-mounted configurations being
investigated.
Title: Tactical Air Warfare Training
Simulation
AFHRL Contact: Ronald G. Hughes
AFHRL/OTA
Williams AFB AZ 85224
Commercial (602) 988-26ll,
x 6561
AUTOVON 474-6561
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A-10 Warfare Simulation

Description: The Red Flag Transfer of Training
Study which used the A-10 configuration of the
Advanced Simulator for Pilot Training (ASPT)
represented a major technical achievement in the
past year. In providing empirical training
effectiveness data, the experiment served to
broaden the range of applications of the ASPT as
a “testbed” for conducting research into tactical
aircrew training and performance. With respect
to its continued use for tactical training R&D, the
ASPT has two major functions. First, as an
aircrew training device testbed, the type of work
exemplified by the Red Flag study can be
transitioned to the eventual evaluation of the
visual system technology project. Second, ASPT
can be used as a tactics development and tactics
verification testbed. An example of this latter
application will be a joint study conducted with
the Army to determine the impact of directed
energy threats on the close air support aircrew
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TECHNICAL ACHIEVEMENTS

missions.  ASPT in this mode of operation
represents an excellent use of current simulation
technology to assess the impact of future threats
on the modern battlefield. Through the
interactive threat environment in ASPT, AFHRL
will also evaluate, under actual man-in-the-loop
conditions, threat defeat logics to be used in future
computerized threat simulations. Not only will
the ASPT make it possible to assess the needs
of future aircrew threat systems, but it can also
provide guidelines for major procurement
decisions regarding current threat training
systems. Current work that AFHRL is conducting
with the Air Force Armament Division at Eglin
AFB will provide valuable training effectiveness
data for the instrumentation of conventional
electronic combat training range systems as well
as such novel alternatives as the On-Board
Electronic Warfare System.

Utilisation: Data from the Red Flag transfer-of-
training study suggest that simulators, properly
configured for training, may impact aircrew
survivability by as much as 20 percent (or more)
in actual combat. AFHRL R&D in the area of
electronic combat training effectiveness will have
significant impact on aircrew survivability on the
modern battlefield. The ASPT continues to be
a critial resource for this on-going work both in
the areas of assessing the training effectivness of
alternative technologies as well as providing an
invaluable glimpse of the performance of today’s
pilot on the expected battlefield of tomorrow.

Benefits: The ASPT with its current ability to
conduct real-time, man-in-the-loop simulations of
high threat environments, is providing a critical
R&D resource not only to the Air Force, but also
to those segments of DoD where data collected
on the ASPT can have far reaching implications
for the effectiveness of all DoD forces, both
ground-based as well as airborne.

A-10 Close Air Support
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Title: Red Flag Transfer of Training Study

AFHRL Contact: Ronald G. Hughes
AFHRI/OTA
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: Mission qualified A-10 aircraft pilots
rehearsed close air support and batilefield
interdiction missions under high threat conditions
in the Advanced Simulator for Pilot Training
(ASPT).  Pilots were required to effectively
integrate offensive and defensive performances
within a threat environment representative of that
found at the Forward Edge of the Battle Area
(FEBA). Operating within a full field-of-view,
monochromatic, computer-generated visual
system, pilots visually engaged multiple arrays of
tank-type targets defended by surface-to-air
missile and antiaircraft artillery threat systems.

Pilots were able to practice the use of defensive
maneuvering, as well as chaff, against the fully
interactive  threat. Substantial gains in
pefformance were shown in the simulator.

Following the training in the ASPT, pilots in an
experimental group proceeded to Nellis AFB
where they participated in a 2-week tactical
training exercise called Red Flag. Their actual
range performances during the Red Flag exercise
were compared to the performances of pilots in
a control group who did not receive the simulator
training in the ASPT. The data clearly showed
that pilots who received the simulator training in
the ASPT survived a significantly higher
proportion of total Red Flag sorties flown than did
those pilots who did not receive the simulator
training. These data provide empirical data to
support the claim that tactical training in a flight
simulator can transfer to the operational
environment and that such training can result in
a significant increase in aircrew survivability.

Utilization: These data argue strongly not only
for the potential impact of simulator training on
improved aircrew survivability in combat but also
for the importance of improved training, in
general, in the area of electronic combat. As
such, the results of this study provide the Air
Force with a clear example of the need for
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improved training in this area and a suggestion
for at least one way in which such a need may
be satisfied. It is also important to note that the
enhancements performed on the ASPT for this
study have resulted in devices having a
significantly improved potential for aircrew tactics
training research and development (R&D). This
improved capability for R&D will provide the
basis for subsequent work in the area of electronic
combat training effectiveness and aircrew tactics
and threat assessment,

Benefits: The data collected in the Red Flag
transfer - of - training study suggest that flight
simulators configured similarly to the ASPT might
result in as much as a 20 percent improvement
in aircrew survivability for missions of the type
addressed by this study. Potential improvements
in performance of this magnitude argue that
training may, indeed, be a significant force
multiplier.

Title: Three-Dimensional Visual Informa-
tion Processing with a Binocular Hel-

met-Mounted Display
AFHRL Contact: Bob Woodruf
AFHRL/O¥%,

Williams $%%8 AZ 85224

Commercial (602)983-2611,
x 6561

AUTOVON 474-6561

Description: A study has been completed to
investigate the efficacy of a binocular helmet-
mounted display (HMD} to provide usable
stereopsis in a dynamic, simulated aerial refueling
situation. A major Air Force need for existing
and future operational systems is to present visual
information in a manner that provides operators
with accurate data about three-dimensional

space. This is especially true in flight operations
and flying training environments when the
perception of depth is particularly critical.

Existing visual displays of flight simulation
training devices are totally dependent on the use
of pictorial cues to present the perception of
depth.  Stereoscopic images result when two
slightly  disparate figures are presented
independently to each eye. Current technology
permits this to be done dynamically using
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Stereopsis Research Using the 40-Degree Helmet Mounted Display

computer image generation. The A-10
configuration of the Advanced Simulator for Pilot
Training (ASPT) was used in this study. Subjects
wore the HMD and judged distances behind a KC-
135 refueling tanker.  Twelve subjects
participated: six of these were shown a biocular
display (same picture to each eye} and six saw
a binocular display (slightly disparate left eye/
right eye views). The subjects did not actually
fly the simulator. The A-10 was flown
automatically from 440 feet behind the tanker and
the subjects estimated when they were at 200,
100, 50 and 25 feet.

Utilization: The study results clearly indicated
that the subjects leamed to make accurate
judgments about depth when using either the
biocular or the binocular displays. This can be
attributed to the pictorial and kinetic depth cues
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provided by the dynamic tanker model.

Questionnaire responses of the subjects indicated
that pictorial and kinetic cues were primary,
independent of viewing condition. Observation
of the data, however, showed that all binocular
mean error scores were smaller than the biocular
group scores. Post hoc Mann-Whitney U tests were
performed between the groups at each distance.

Only the comparison at 25 feet was significant
(U=0;p <.00l).

Benefits:  This study demonstrated that
stereoscopic displays can provide usable depth
information in a simulated aerial refueling

situation. This should be viewed as the first step
in the systematic investigation of the potential
application of three-dimensional imaging for
future training display systems.
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Title: Assessment of Workload and

Prediction of Performance by
Combined Psychophysiological and
Behavioral Techniques

AFHRL Contact: Thomas M. Longridge

AFHRL/OTE

Williams AFB AZ 85224

Commercial (602) 988-2611,
x 6561

AUTOVON 474-6561

Description:  Physiological measures of pilot
attention and workload are being developed.
These measures will ultimately be used in
conjunction with behavioral measures of pilot
attention and task difficulty in order to optimally
structure flight simulation training programs and
equipment. One initial objective has been to
establish laboratory procedures for handling the
large  quantities of data involved in
psychophysiological research and ensure that all
components of the computer laboratory were
functioning properly. The variables of heart rate,

skin conductance, respiration rate, pulse transit

time, cortical evoked potentials, and eye
movement have not been investigated
simultaneously in previous research. A second

major objective of this study is to investigate the
interrelationships of these variables with each

other and with performance on behavioral
information processing tasks. A simplified
laboratory  flight simulation provides the

behavioral task that is being used to study the
various physiological variables. Heart rate, skin
conductance, respiration rate, and pulse transit
time are being studied as indicators of autonomic
arousal. The cortical evoked potentials are
related to attentional state and the complexity of
stimuli emulation environment. This R&D effort
is being co-monitored by the Air Force Human
Resources Laboratory and the USAF School of
Aerospace  Medicine,  Aerospace Medical
Division.

Utilisation: The measures of arousal (hean rate,
skin conductance, respiration rate) reflect, in a
gross sense, the degree of subject involvement in

In-Simulator Psychophysiological Measurement
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ON-GOING R&D

the task. Also, both the early and late
components of the cortical evoked response vary
with task difficulty and performance. Assessment
of human performance has become more difficult
as the complexity of man-machine systems has
increased. The point has been reached where
behavioral research must step beyond the limits
imposed by quantifying behavior in terms of motor
responses only. Psychophysiological assessment
of the internal state of the operator shows promise
of providing the tools to take this step. By
combining behavioral and psychophysiological
assessments, a more comprehensive profile of
human performance should emerge. This should
permit a greater understanding of the conditions
under which performance deteriorates and should
point to training techniques and training
equipment configurations that will maximize pilot
performance.

Title: Pilot Performance and Stress

AFHRL Contact: Joseph C. DeMaio
AFHRL/OTE
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description:  Biochemical measures of pilot
siress were taken in  conjunction with
Undergraduate Pilot Training and A-10 aircraft
surface attack training. The resulis established
(a) that there is a consistent relationship between
instructor pilot techniques and student pilot
stress, (b) that stress incident to A-10 surface
attack simulator training is not significantly
different from stress observed in the aircraft, (c)
that the establishment of competence in both
simulator and aircraft tasks is associated with
measurable changes in biochemical substrates,
and (d) that experienced pilots exhibit a
pronounced stress response when exposed to high
threat/high workload tactical simulator scenarios.

Biochemical measures of stress and attention were
taken following in-flight emergencies and
precautionaries in T-37 and T-38 aircraft.
Biochemical data are being analyzed using high
pressure gas chromatography. Also, a second
line of research is examining variation in
biochemical response over the course of

Undergraduate Pilot Training. The USAF School
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of Aerospace Medicine, Aerospace Medical
Division, is co-monitoring this project with

AFHRL.

Utilization: These results provide validation of
the effectiveness of advanced simulation training
for eliciting realistic stress levels.

Computer and Visual Feedback Display

Title: Pilot’s Eye Movement Patterns and

Scanning Algorithms
AFHRL Contact: Thomas M. Longridge
AFHRIL/OTE

Williams AFB AZ 85224

Commercial (602) 988-2611,
x 6561

AUTOVON 474-6561

Description: Eye movement metrics are being
utilized to explore visual processes associated with
target tracking and visual scanning strategies.
Also, the utility of eye movement metrics for flight
simulation applications, as a training tool, and for
visual display/imagery evaluation purposes, will
be investigated.

Utilisation: This research will provide data
pertinent to the application of eye movement
metrics in a flight simulator environment.
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Title: Energy Management Decision
Making

AFHRL Contaci: Joseph DeMain
AFHRL/OTE
Williams AFB AZ 85224
Commercial (602) 988-2611,

x 6561

AUTOVON 474-6561

Description:  Pilots’ ability to make vehicle

control decisions is being investigated. The
decision process of interest involves timing of
turns, acceleration, etc. as opposed to fine control
inputs such as stick and throttle inputs. The
experimental task is a Flight Decision-Making
Assessment Task (FDAT). In FDAT, given the
situation of an airplane frozen in altitude, the
subject is required to handle a vehicle through
a series of discrete moves. Like an airplane, the
FDAT vehicle is susceptible to speed/acceleration
loss due to parasite and induced drag. This
timing, of course, changes, and unloaded
acceleration is critical to good task performance.

The relation between FDAT performance and
flying capability has been investigated.

Individuals who are fighter-attack-reconnaissance
(FAR) qualified evidence FDAT performance
that is superior to that of non-FAR individuals.

Flight Decision-Making System

22

This superior performance is a result of a greater
ability to execute correctly timed turns and to
maintain maneuvering energy.

Utilization: The results of this effort will be
used for identifying pilot skills and abilities and
for development of non-real-time training aids.

Title: Pilot Memory Structure

AFHRL Contact: Joseph DeMaio

AFHRL/OTE

Williams AFB AZ 85224

Commercial (602) 988-2611,
x 6561

AUTOVON 474-6561

Description: A multi-dimensional  scaling
approach is being applied to investigate pilots’
mental organization of flight-related information.
Experiential factors have been found to have a
significant effect on the way pilots organize flight-
related information in memory. The pilots having
the most experience have a more efficient and
economical organizational schema than do less
experienced pilots. Particular flying experience
also has an effect on mental structure. Research
currently in progress is investigating alternative
frameworks for measuring and describing memory
structure. The development of conceptual
structure during Undergraduate Pilot Training is
also being studied.

Utilizsation: The results of this research will be
employed in developing methodologies for
assessing pilots’ knowledge and understanding of
particular flying tasks. It will also impact the
structure and evaluation of training programs and
has human factors implications for device design.
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ON-GOING R&D

Title: Advanced Instructional Features in
Aircrew Training Devices: Utility and
Utilization Patterns

AFHRL Contact: Donald ]J. Polzella
AFHRL/OT (UDRI)
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: The Aircrew Training Device
(ATD) is not merely a flight simulator. It is also
equipped with sophisticated hardware and
software capabilities that permit an instructor pilot
(IP) to control, monitor, and record flight
simulation training sessions. These capabilities,
known as advanced instructional features (AIFs)
reflect the primary ATD role as a flight trainer.
AlFs are costly to implement, especially those
features that require the development of complex
software. In order to justify these costs, several
questions concerning the utility and utilization of
AlFs must be answered. How frequently and
easily are AIFs used? Are IPs adequately trained
to use AIFs? Do AIFs have significant training
value? Answers to these questions will be
obtained through a survey of approximately 150
simulator IPs from the principal Tactical Air
Command (TAC) ATDs. (Military Airlift
Command and Strategic Air Command IPs will be
surveyed during the next phase of this project,
which will begin in FY 1983.)

Utilization: Preliminary results of the survey
indicate that IPs receive minimal training in the
use of AIFs and that most features are rarely
used. Indeed, many IPs are unaware that
particular features are even available. Although
several AIFs were judged to have significant value
in replacement and/or continuation training, it is
clear that IPs will need to be educated in their
effective use. The rationale for conducting the
survey is to provide a data base that will be helpful
both in defining the requirements for future ATD
procurements and in developing subsequent ATD
training programs.
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Title: Airerew  Training Management
Information System

AFHRL Contact: Donald J. Polzella
AFHRL/OT (UDRI)
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: The objective of this effort is to
develop and evaluate a microcomputer-based
Aircrew Training Management Information System
(ATMIS) for the Tactical Air Command (TAC).
Unlike many previous R&D efforts that were
concerned with the development and validation of
aircrew performance measures, the present effort
is concerned with the management and use of
those measures for training purposes. ATMIS will
be implemented in three phases over the next two
fiscal years. The first phase, which is nearly
complete, comprises a review of computer-based
training management systems; a detailed front-end
analysis of a selected aircrew training program
(i.e., the F-15 B-course conducted by the 405
Tactical Training Wing at Luke AFB); and
prototype  design,  development, and
demonstration. During subsequent phases, the
ATMIS will be implemented at a selected training
wing for a trial period. Pending a successful
evaluation, a plan for command-wide
implementation will be developed.

Utilisation: The purpose of this effort is to use
the existing TAC microcomputer capability to
document, process, and provide summary reports
of the data obtained on each student pilot during
F-15 training. The data include mission/mission
element grades awarded during simulator and
aircraft training sorties, weapons data obtained
from analyses of gun camera records, academic
scores, and the results of mandatory proficiency
checks. By documenting TAC combat
effectiveness, ATMIS will provide information that
can be used to help TAC aircrew personnel
improve their combat capability and to help TAC
training managers identify aircrew training
requirements and develop optimal training
programs,
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ON-GOING R&D

Title: Instructor/Operator Station Design

AFHRL Contact: Harold Warner
AFHRL/OT (UDRI)
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: A guide for flight simulator
instructor-operator station (I0S) design is being
developed. The guide will contain detailed
descriptions of a variety of state-of-the-art [0S
configurations, relevant human factors
specifications for IOS design, and a generic design
for future 10S applications. Descriptions of the
I0S for the following flight trainers will be
provided in the guide: A-10, F-15, F-16, F-4,
F-14, F-18, EA-6B, and the Tactical Aircrew
Combat Training System. The descriptions will
address control and display layout, control
operation, and cathode ray tube (CRT) display
page format and operation. The human factors
design specifications in the guide will include the
requirements obtained from a comprehensive
review of the relevant literature and will also
include design recommendations based on an
integration of the requirements in the literature.

The areas addressed will include control/display
design and layout, workstation configuration,
workplace environment, anthropometry, and
operator seating. The generic 10S design will

provide guidelines for the development of future
I0S designs. It will contain recommendations for
control/display layouts and operations to maximize
the efficiency of the user-equipment interface for
a variety of training missions. The [0S design
guide will be comprised of two volumes. The first
will be directed toward the 10S requirements for
fighter/attack flight simulators, and the second
will be for tanker/transport/bomber trainers.

A study is being conducted to investigatc the
efficiency of alternative control devices for i0S
interactive CRT displays. The controls are CRT
touch panel, light pen, and numeric keyset.
These controls will be evaluated in relation to
three CRT presented performance tasks involving
simulated aircraft weapons loading, aircraft
repositioning, and alphanumeric data entry. The
CRT displays have been programmed and the
controls are operational. Data collection will
commence in fiscal year 1983,

Utilisation: Both the 10S design guide and 10S
controls evaluation will have application to future
IOS design. The results of both efforts will
provide for the enhancement of the user-
equipment interface, and will increase the
instructional capability and efficiency of flight
simulators. The human factors design
recommendations are of immediate interest and
value to the Simulator Systems Program Office.

LARGE - SCREEN
MONITORING
DISPLAYS

CONTROL
CONSOLE
(TOUCH
SENSITIVE
CRTS)
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Title: B-52 Air Refueling Part-Task students who demonstrated proficiency in the
Trainer Initial Operational Test and ARPTT tended to reach proficiency in-flight more
Evaluation quickly. The program was changed to allow
students to reach proficiency in the ARPTT prior
AFHRL Contact: Robert T. Nullmeyer to the flightline phase of training. With this
AFHRL/OTU training  approach, students demonstrated
Williams AFB AZ 85224 substantially faster skill acquisition in flight. The
Commercial (602) 988-2611, effects of motion cueing were mixed. Students
x 6561 who received motion cues tended to be judged
AUTOVON 474-6561 proficient earlier in the ARPTT and later in the

aircraft than were students who did not receive

Description: AFHRL supported a Strategic Air
Command (SAC) evaluation of the B-52 Air
Refueling Part-Task Trainer (ARPTT). This
aircrew training device was designed to simulate
the cues required to train B-52 pilots in the air
refueling task. The system includes a high
fidelity replication of a B-52G cockpit mounted
on a six-degrees-of-freedom motion platform.

Visual cues were presented using a 48° field-of-
view display generated by a camera-model

system. The primary task for AFHRL was to
determine the effectiveness of the ARPTT for
training pilots who were being advanced to B-52
aircraft commanders. In addition, the impact of
ARPTT platform motion cues on skill acquisition
was evaluated. Initially, highly structured
curricula produced disappointing results, although
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motion cues, although neither difference was
statistically reliable.

Utilization: The ARPTT was part of an Air
Force R&D project. Based on the final results
of this evaluation, SAC continued to use the
ARPTT in Castle AFB training programs. In
addition, interim results were used to establish
more effective ARPTT training practices.

Benefits:  Substantial savings of in-flight
resources have been realized through the use of

the ARPTT to train not only B-52 pilots, but EC/
RC-135 pilots as well. In addition, Military
Airlift Command C-141 pilots are currently
receiving air refueling training in this device.

Title: Linear Systems Analysis of B-52
Weapons Delivery Accuracy

AFHRL Contact: Robert T. Nullmeyer
AFHRL/OTU
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: A linear system model was
developed to describe B-52 weapons delivery
accuracy. In the weapons delivery process,
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several techniques are operationally interrelated
in such a way that differences in accuracy can
be attributed to the effects of specific component
behaviors. System identification techniques were
used to determine mathematical models for these
processing behaviors. Synchronous bomb scores,
missile scores, and scores from an alternate
bombing procedure were included in the original
model.  Scores reflecting complex weapons
delivery procedures were successfully modeled by
combining the error distributions of the component
tasks. Models of component inaccuracy were
then used to suggest changes in procedures by
assuming that the component densities reflected
the nature of the underlying processes.

Utiliaation: This analytical approach should be
generalizable to isolating and studying component
processes in other complex behaviors. More
recent applications have isolated response,
stimulus  detection, and attention-switching
components for a simple reaction time task. This
approach will be used for an analysis of Offensive
Avionics System operator accuracy.

Benefits:  Substantial improvements were
realized in synchronous bomb scores and missile
accuracy (short-range attack missile) when
procedural changes were instituted. The same
results should be achievable throughout the
Strategic Air Command by implementation of
these procedural changes.

Title: F-16 Aircraft Back-Up Control
Airstart Training Research

AFHRL Contact: Alfred T. Lee
AFHRL/OT (UDRI)
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: The proficiency of experienced F-
16 pilots in back-up control (BUC) airstart of the
F-16/F-100 engine was evaluated to determine
whether the airstart system would be modified.

The Advanced Simulator for Pilot Training (ASPT)
in the F-16 configuration was used to determine
the level of pilot airstart proficiency as well as
the feasibility of increased training as an
alternative to airstart system modifications. The
results of the study indicated initially high levels
of pilot failure in successfully executing the BUC
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airstart. An analysis revealed that pilot errors
in initial throttle setting and rate of throttle
movement were the major contributing factors.
Rapid acquisition of BUC airstart proficiency was
found for all pilots during the testing sessions.
A comparison between pilots who had received
aircraft ground BUC start training and those pilots
with no training revealed no significant difference
in simulator BUC stant performance.

Utilisation: The results of the study indicate
that modification to the F-16/F-100 BUC airstart
system may not be necessary if adequate training
in the BUC airstart procedure, specifically throttle
management, is provided to F-16 aircrews.

Benefits:  Substantial costs incurred by
modifications to the F-16/F-100 BUC airstart
system may be avoided by implementing a training
program in BUC airstant procedures for all
operational F-16 aircrews.

Title: Air Combat Maneuvering Perfor-
mance Measurement State Space

Analysis
AFHRL Contact: William Nelson
AFHRL/OTU
Luke AFB AZ 85309
Commercial (602) 935-7058
AUTOVON 853-7058
Description:  Air combat maneuvering free

engagements provide a challenging environment
for the measurement of aircrew performance. The
rapidly evolving technology in ground-based flight
simulation and the data collection and analysis
capabilities of the airborne Air Force Combat
Maneuvering Instrumentation/Navy Tactical Air
Combat Training System (ACMI/TACTS) show
promise for providing the kinds of data needed
for detailed air combat maneuvering performance
measurement. An existing data base of time
history data collected during Air Combat
Maneuvering (ACM) free engagements on the
Simulator for Air-to-Air Combat (SAAC) has been
analyzed using a scheme called TACSPACE.

This approach divided each engagement into
segments according to the relative positions of the
proponent and opponent aircraft in terms of aspect
angle, line-of-sight angle, and range between
aircraft. Several  different  performance
measurement models have been developed from
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the TACSPACE analyses. These models vary
greatly in complexity as different sizes of
TACSPACE segments and different analyses
within the TACSPACE segments are considered.

Large differences existed between the models in
their ability to account for performance variance.

There is now strong evidence for the efficacy of
including measures of control activity in
TACSPACE segments corresponding to offensive
and defensive positions. Functional
specifications based on these analyses provided
for several concepts of displaying ACM
performance measurement information to SAAC
instructor pilots, and it seems feasible to include

a similar system on ACMI/TACTS.

Utilisation: The TACSPACE and data analysis
concepts developed as part of this effort provide
one means of assessing overall maneuvering

performance. These will be integrated with the
results of other R&D efforts and form the basis
of a functional specification for an air combat

performance measurement system to be developed
for the SAAC and ACML.

Benefits: The resulting measurement system
will provide the Tactical Air Forces with the tools
for evaluating the effectiveness of their air combat
training programs.
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Graphic Depiction of ACM Engagement

Title: F-16 Stores Management System

Training Study
AFHRL Contact: Bemell J. Edwards
AFHRL/OTU

Williams AFB AZ 85224

Commercial (602) 988-2611,
x 6561

AUTOVON 474-6561

Description: A demonstration was conducted of
the effectiveness of desk-top microcomputer
technology as applied to the training of F-16
cockpit subsystems procedures at the Operations
Training Division of AFHRL. The subjects
learned to perform various air-to-surface weapons
delivery profiles modifications as part of using the
Stores Management System (SMS) of the F-16
aircraft. An experimental group received part-
task training via a computer-graphics-supported
self-instructional program. A comparison group
received the same information using a
programmed text. Both groups were tested on
their ability to perform the weapons profile
modification task on the actual F-16 stores control
panel in the ASPT/F-16 simulator cockpit. The

experimental group was able to complete the task
in significantly less time and with fewer errors
than the control group. Study results support the
application of inexpensive microcomputers
coupled with computer graphics systems as a
means of providing self-instructional, interactive
training to aircrews for selected procedural tasks.

Utilisation: Air Force major commands have
become intensely interested in applying low-cost
microelectronics systems as a means of reducing
training costs. The results of the F-16 SMS study,
as a preliminary indication of technology
potential, appear promising. Many of the
procedural, computational, situational, and other
types of cognitive tasks associated with aircrew
mission performance may be effectively and
inexpensively trained using this approach.

Benefits: The cost avoidance potential of this
technology arises from the possibility of training
many part-tasks o proficiency earlier in the
program, thus facilitating greater efficiency when
skills are integrated during training in the
simulator and aircraft. This should also reduce

the time demands and costs associated with the
operation of the more advanced devices.

F-16 Stores Management Trainer
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Title: A-10 Aircraft Combat Scenario
Development and Evaluation: Low
Altitude Simulation Training

AFHRL Contact: Byron ]J. Pierce
AFHRL/OTU
Williams AFB AZ 85224
Commercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description: This effort examined the
feasibility of providing supplemental basic attack
maneuvers and low level navigation training using
the Advanced Simulator for Pilot Training (ASPT)
in the A-10 aircraft configuration. Specifically,
the research assessed the effect such training had
on student aircraft performances. Simulator
training data showed three of the five tasks trained
had significantly improved as a function of ASPT
training. Aircraft performance variables derived

from instructor pilot evaluations of student
performances were not indicative of significant
training transfer. The low power values
determined from the analyses of aircraft
performance variables, the skewed distribution of
rating scores, and the conflicting requirements of
training versus testing environments culminated
in the conclusion that the aircraft performance
evaluation procedures used were not sufficiently
sensitive for evaluation purposes.

Utilization: The effort helped determine the
utility of full-mission simulators in training low
altitude tasks. The results were directly
applicable to future simulator test and evaluations.

Benefit: The benefits obtained from this study
include improved use of training devices and
development of simulator transfer-of-training
methodologies.
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ECM-ANALYSIS SYSTEM
(ANAEN-T4)

MULTIPLE THREAT EMITTER SYSTEM

Electronic Warfare Performance Measurement

Title: Measurement of In-flight Electronic
Warfare Officer Performance

AFHRL Contact: Thomas Killion
AFHRL/OT (UDRI)
Williams AFB AZ 85224
Cemmercial (602) 988-2611,
x 6561
AUTOVON 474-6561

Description:  Current methods for scoring
electronic countermeasures (ECM) activity during
B-52 sorties at Strategic Training Ranges (STRs)
do not provide meaningful measures for feedback
and training management. A prototype system
which performs radio frequency spectrum
analyses, the Threat Reaction Analysis and
Interpretation System (TRAINS), was evaluated
for its capability to provide more effective
measures of electronic warfare officer (EWOQ)
performance. This test, GIANT SCORE I,
revealed that measures such as reaction time and
jamming accuracy were reliably related to
situation variables, e.g., complexity of the threat
environment, and to operator variables, e.g.,
EWO experience level. This suggests that such
measures could be used profitably with production
systems of the TRAINS type to provide feedback
to the EWO and to training managers.

Utilisation: The measures and data from
GIANT SCORE II have already been employed

in the design of a portion of the ECM scoring for
the 1981 Strategic Air Command (SAC) Bombing/
Navigation Competition (GIANT VOICE). The
measures have also been included in the
specifications for production models of a TRAINS
type system.

Benefits: The measures developed will be used
on future ECM systems to provide meaningful
feedback concerning daily training activity at STR
sites employing this equipment. The data base
initiated in GIANT SCORE II and expanded by
GIANT VOICE should serve in the development

of performance criteria for training.

Title: Phase 1 Follow-On Operational
Testing and Evaluation of the A-10
Operational Flight Trainer

AFHRL Contact: Byron]. Pierce

AFHRL/OTU

Williams AFB AZ 85224

Commercial (602) 988-2611,

x 6561

AUTOVON 474-6561

Description: A